EDX study of the Cu content
The following data has been recorded using batches prepared prior to the ones described in the main manuscript. Powdered samples have been sputter-coated with Pt and the composition has been recorded at multiple points on the samples, leading to an average value with a standard deviation. These prior studies show that it is possible to synthesize Cu-substituted SrFeO 3-δ samples with the intended composition using the citric acid auto-combustion method followed by subsequent high temperature treatment as described in the main manuscript. No significant variation in Sr content between samples with different Cu content has been found. The EDX measurements complement the more surface-sensitive XPS studies.
These studies are compared to a measurement of the elemental composition of the SrFe 1-x Cu x O 3-δ sample with x = 0.15 subjected to XPS measurements, revealing only small differences in composition. No significant difference in the A/B site ratio could be found between different samples. For table S1, the following molar masses were used, assuming an oxygen stoichiometry of Sr(Fe/Cu)O 2.81 (oxidized case):
188.42219 g/mol, 188.80724 g/mol, and 189.57734 g/mol for x = 0, x = 0.05, and x = 0.15, respectively. 
Redox thermodynamics
Data extracted via the van't Hoff method, as described previously by the authors. [2] [3] [4] Reference point Δ = 0: 2 = 0.18 bar, 400 °C. The measurement uncertainties were determined as confidence intervals of the linear fits via the square root of the covariance matrices.
Figure S 9. Redox enthalpy change per mol of O (oxygen, monatomic)
for different Cu contents as a function of the non-stoichiometry delta as determined via the van't Hoff method. for different Cu contents as a function of the non-stoichiometry delta as determined via the van't Hoff method.
Raw thermogravimetric data
See also Vieten et al. 4 Reference point Δ = 0: 2 = 0.18 bar, 400 °C. At low oxygen partial pressures, short overheating periods were introduced to obtain the equilibrium conditions faster. 
